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This special section contains a series of five articles focused on
energy and climate change in sub-Saharan Africa. It is well known
that energy demand in sub-Saharan Africa is increasing rapidly and
that many countries struggle to meet demand. Failure to meet
energy demand reduces living standards today and constitutes a
substantial brake on economic growth, with implications for future
living standards [1].
Amidst this near chronic absence of adequate energy supply,
sub-Saharan Africa (SSA) possesses abundant unexploited renew-
able energy potential in the form of hydropower, wind, and solar
[2]. These technologies are also associated with reduced green-
house gas emissions compared with traditional thermal
technologies.
The continent also possesses substantial fossil fuel resources in
the form of coal, oil, and natural gas. As the least developed region
of the world and a very light contributor to historical emissions,
Africa has strong arguments for pursuing energy strategies that
spur rapid growth and development. Nevertheless, even consider-
ing these arguments, it appears highly likely that renewable sys-
tems will enter the picture, potentially in a very substantial way.
There at least four reasons for this even without consideration of
climate change and other environmental externalities. These are:
(1) Rapid declines in the costs of renewable systems, particu-
larly solar and wind power, combined with increased perfor-
mance and expertise in operating systems with greater
quantities of variable renewables [3].
(2) Very large untapped hydropower potential concentrated on
three river basins: the Nile, the Congo, and the Zambeze
[2,4].
(3) Prospects for systems approaches, potentially at large scale,
where renewable and hydropower systems interact so that
the variability issues associated with wind and solar power,
as well as seasonal variability of hydro, and fluctuating
demand, are substantially mitigated at relatively low cost
[5,6].
(4) The portable and modular nature of many renewable energy
systems are also attractive on a continent with huge areas
disconnected from any electricity grid and, frequently, very
substantial reliability problems where connection to a grid
exists.As noted, the above four points pertain without reference to
environmental considerations. These considerations do rationally
enter the calculus, for a number of interacting reasons.
To begin, the weight of Africa in global terms is rapidly increas-
ing. By 2050, the most recent UN medium variant population fore-
cast indicates that about 25% of the world’s population will live in
Africa, with more than 80% of these in SSA [7]. In addition, Africa,
particularly SSA, has registered respectable to rapid rates of overall
economic growth for nearly two decades [8]. Realization of these
population forecasts combined with continuation of economic
growth trends implies a potentially rapidly increasing emissions
profile [9].
In order to attain a desired state of the world with a stabilized
global climate, global emissions must peak in the relatively near
future and then begin to decline rapidly, reaching very low (or even
negative) levels in the second half of this century [10]. As noted,
the desired state of the world also includes rapid economic growth
and development in Africa. If Africa follows an emissions intensive
growth path, these two desirable trends will eventually collide.
One cannot have rapidly decreasing global emissions and rapidly
increasing African emissions forever. Hence, in a desired state of
the world, Africa will eventually move onto a low emissions
growth path. Given the very long run nature of many power sys-
tems investments, consideration of future emissions paths, as well
as climate impacts and the need for resilient long-term solutions,
very plausibly enters the decision calculus for present day
investments.
This is particularly true for wealthier African states. China has
already announced, through their Indicated Nationally Determined
Contributions (INDC), considerable commitments to reduce
emissions that it will make at the Conference of the Parties (CoP)
meeting in Paris at the end of 2015 [11]. And, India has announced
ambitious clean energy targets to help support its continued eco-
nomic growth [11]. In short, the mathematics of successful global
mitigation requires participation by middle income countries in
the near and long term [12]. In Africa, South Africa has already
made commitments to reduce emissions relative to a baseline path
with their INDC pointing to a peak in emissions in the period
2020–2025 [11]. It seems natural that other wealthier African
nations, such as Nigeria, Ghana, and Kenya, may engage within
finite time horizons.
If larger and wealthier regional economies are going to engage
in mitigation, these commitments will have regional implications.
For example, Mozambique has recently discovered very large
1 For an analysis of variability in river flow on the Zambezi and on the Congo,
please see [14].
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export of coal fired electricity from Mozambique to South Africa
would be a natural outcome via the Southern African Power Pool.
In the present circumstance, it seems unlikely that South Africa
would incur the adjustment costs of reducing dependence on
domestically produced coal fired electricity while simultaneously
increasing imports of coal-fired electricity from Mozambique. In
the not too distant future, emissions considerations may influence
all of Africa’s power pools as major players within each pool come
to grips with emissions commitments.
Impacts of climate change provide a separate impetus. Africa is
widely regarded as one of the world’s regions likely to suffer most
from climate change [13]. It follows that African countries should
prefer a successful mitigation regime to an unsuccessful one. This
is, without doubt, tricky territory for African policymakers and
negotiators given existing development imperatives and light his-
torical responsibilities for emissions. Nevertheless, it is there as a
serious consideration.
Finally, it is not clear that global mitigation policies reduce
African competitiveness in relative terms. As noted in the second
paragraph of this article, Africa contains enormous potential for
exploitation of renewable power sources. In a world characterized
by globally effective and binding emissions constraints, Africa has
the potential to exploit a comparative advantage in energy produc-
tion. This would be particularly true if Africa’s natural advantages
are buttressed by reasonable special and differential treatment in
the exploitation of fossil fuels, open technology transfer policies,
and a degree of concessionary finance.
But, this is merely potential. Like all regions or countries consid-
ering renewable power sources, Africa must confront the chal-
lenges associated with these resources. As the principal
renewable energy sources are weather dependent, intermittency
in power output of renewables presents one key challenge. Fur-
thermore, because growing concentrations of GHGs in the
atmosphere will likely push the climate into an uncertain, non-
stationary state, climate change itself may affect hydro, wind,
and solar power production performance positively or negatively
[14,15].
This special section seeks to contribute to an improved under-
standing of the choices involved within the complex interactions
of energy, development, and climate. It seeks to bring new ideas
and methods to addressing the challenge of developing efficient
and reliable energy systems that capitalize on the continent’s con-
siderable endowments and contribute to long run sustainable
development. Drawing on expertise across three broad disci-
plines—climate science, engineering, and economics—the articles
in this special section seek to better understand the benefits and
cautions of wind, solar, and hydropower systems as well as the
integration of these systems with each other and with planned
and existing conventional energy production. The articles present
new approaches to addressing energy planning problems on a vari-
ety of scales in an under-studied region of the world.
2. Discussion and findings
The special section begins with an article by Charles Fant and
C. Adam Schlosser who address the uncertainties that climate
change creates for renewable power production with a focus on
wind and solar in southern Africa [15]. They present a method to
estimate the likely impacts of climate change on wind and solar
resource potential. They find a median change close to zero by
2050 in both wind speed and solar radiation with the large bulk
of outcomes generating only small changes in electricity produc-
tion potential from wind and solar as a consequence of climate
change. While there are extreme possibilities ranging from about
15% to +15%, these are associated with low probability. Withinthe limitations of state-of-the-art climate systemmodels and look-
ing out to 2050, these results suggest little change in wind and
solar power potential in southern Africa as a consequence of cli-
mate change.
Fant and Gunturu follow with an article assessing current wind
power resource reliability in southern and eastern Africa [16]. In
their approach, wind resources are characterized using metrics
that highlight resource variability, therefore identifying areas of
high and low wind power potential, as well as the need for
advanced forecasting and other strategies within power system
planning and operations. They find that, although wind power den-
sity is high in the Republic of South Africa (RSA) compared to its
neighboring countries, wind power resources tend to be more vari-
able in RSA than in other parts of southern and eastern Africa—
namely, central Tanzania and parts of Kenya. They also find that
RSA’s potential varies over different timescales, with higher poten-
tial in the summer than winter, and higher potential during the day
than at night. Comparing the wind potential timing with demands,
they find that demands are out of sync with wind power supply.
They conclude that South Africa would benefit from investing in
energy storage options if they intend to expand wind potential.
In the next article, Gebretsadik, Fant, Strzepek, and Arndt take
up the issue of storage using a systems approach [6]. Specifically,
they develop an approach that targets reservoir power operations
in order to maximize the dispatchable capacity of an integrated
wind and hydropower system. Functionally, within the systems,
the hydropower reservoirs serve as flexible storage systems that
partly offset the wind power intermittency issues identified by
Fant and Gunturu [16]. The approach is applied to the reservoir
storages and hydropower systems in the Zambezi river basin in
an attempt to demonstrate how storage reservoirs could be used
to offset wind power intermittence in South Africa subject to phys-
ical and policy constraints. The results indicate that reliable, dis-
patchable power from wind and hydro hybrid systems can be
achieved resulting in a substantially increased level of wind pene-
tration in South Africa’s power system for the same level of wind
power investment. The results also indicate a reduced level of coal
power utilization and reduced cycling requirements. They con-
clude that, overall, the integrated system offers promise in terms
of reducing greenhouse gas emissions at lower cost.1
Rose, Stoner, and Ignacio Pérez-Arriaga [5] exploit a similar
concept as in Gebretsadik, Strzepek, and Arndt [6] to consider
prospects for grid-connected solar PV in Kenya. They use a
system-level model for Kenya to evaluate the potential of using
grid-connected solar PV in combination with existing reservoir
hydropower to displace diesel generators. Different generation
mixes in the years 2012 and 2017 are evaluated with a unit com-
mitment model. In both years, Kenya’s extensive reservoir hydro
system compensates for solar intermittency, eliminating the need
for storage investments. Results show that the value of high pene-
trations of solar in 2012 exceeds their potential investment cost.
Under three 2017 generation mix and demand scenarios, the
investment value of solar remains high if planned investments in
low-cost geothermal, imported hydro, and wind power are
delayed.
Finally, Arndt, Davies, Gabriel, Hartley, Makrelov, Merven, and
Thurlow develop a sequential approach to link a bottom-up energy
sector model to a detailed dynamic general equilibrium model of
South Africa [4]. Their approach is designed to simultaneously
address the shortcomings and maintain the attractive features of
detailed energy sector and general equilibrium models. It also
reflects common country-level energy planning processes. They
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analyzing the implications of (i) a carbon tax, (ii) liberalization of
import supply restrictions in order to exploit regional hydropower
potential, and (iii) a combined policy where both carbon taxes and
import liberalization are pursued. Drawing on the results of
Gebretsadik, Schlosser, and Strzepek [14], the regional strategy
emphasizes hydropower derived from the Congo River. For the
combined scenario, the results suggest substantial emissions
reductions relative to Baseline at essentially no cost to economic
growth but about a one percent reduction in employment. They
conclude that a regional energy strategy, anchored in hydropower
with emphasis on the Grand Inga site on the Congo River, repre-
sents a potentially inexpensive approach to decarbonizing the
South African economy.
3. Conclusion
Over the coming decades, African nations will invest hundreds
of billions of dollars in power generation systems. The nature
and scope of those investments remain to be determined. The
needs are pressing, and the environment is complex. The articles
in this special section point to both opportunities and challenges
in exploiting sub-Saharan Africa’s considerable renewable energy
potential in order to achieve desired development outcomes and
power systems that are reliable, affordable, low carbon and climate
resilient.
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